Introduction
============

Bacterial meningitis is a rare but potentially life-threatening complication of endoscopic skull base surgery, occurring in fewer than 5% of all cases.[@JR160003-1] Symptoms of meningismus can indicate bacterial infection, with additional concern for a failed repair and persistent cerebrospinal fluid (CSF) leak. However, aseptic or chemical meningitis can present with similar symptoms, including fever, headache, nuchal rigidity, and photophobia, and represents 50 to 75% of all postsurgical cases of meningitis.[@JR160003-1] [@JR160003-2] Aseptic meningitis occurs secondary to chemical irritation of the meninges and is most commonly triggered by surgical manipulation or blood.[@JR160003-3] [@JR160003-4] [@JR160003-5] Just as for other cystic lesions, intracranial rupture of craniopharyngiomas has also been proposed as an independent cause of aseptic meningitis as cholesterol crystals released from the cyst cavity can induce a chemically mediated inflammatory response severe enough to trigger cerebrovascular vasospasm.[@JR160003-6] While aseptic meningitis can be difficult to diagnose, it is imperative that it be considered in patients after skull base surgery to avoid unnecessary long-term antibiotic treatment for infectious meningitis or surgical re-exploration for suspected CSF leak. We present a case of a patient with multiple episodes of aseptic meningitis culminating in cerebral infarction from vasospasm after endoscopic resection of a craniopharyngioma. In addition, an algorithm for differentiating aseptic from bacterial meningitis is provided along with an evidence-based discussion of the diagnosis and treatment of patients with this rare complication.

Case Study
==========

A 65-year-old female patient presented with a 2-month history of progressive diplopia and fatigue. She was found to have a bitemporal hemianopsia. Magnetic resonance imaging (MRI) demonstrated a 2.5 × 2.4 × 2.1 cm, mixed cystic and solid mass suggestive of a craniopharyngioma with mass effect on the optic chiasm and tracts ([Fig. 1](#FI160003-1){ref-type="fig"}). Given the progression of her symptoms, the patient underwent an image-guided endoscopic transsphenoidal, transsellar decompression of the suprasellar mass. A CSF leak was encountered intraoperatively, and the skull base defect was repaired with an abdominal fat graft followed by a sheet of the acellular dermis and middle turbinate bone graft in an underlay fashion. A pedicled septal mucosal graft was then used to cover the repair. The pathology results returned as papillary-type craniopharyngioma. Postoperatively, she had improved vision with no evidence of CSF leak, and was discharged to a rehabilitation facility in good condition on postoperative day 6.

![T1-weighted sagittal MRI with gadolinium enhancement. A mixed cystic and solid mass is seen superior and posterior to the sella with the overall dimensions measuring 2.5 cm AP × 2.4 cm TV × 2.1 cm SI. The mass resides entirely in the suprasellar region. The mass results in superior displacement of the optic chiasm. AP, anterior-posterior; MRI, magnetic resonance imaging; SI, superior-inferior; TV, transversal.](10-1055-s-0036-1593470-i160003-1){#FI160003-1}

After 2 days after discharge, she presented to the emergency department with fever to 101.7°F and fatigue. She denied meningismus or active nasal drainage. Her neurological examination was nonfocal. Her serum white blood cell count was mildly elevated at 13,000 cells/μL, although this was difficult to interpret in the setting of postoperative steroid use and peripheral leukocytosis. An MRI demonstrated a focus of restricted diffusion around the operative site with no leptomeningeal enhancement. A lumbar puncture was notable for the presence of 322 total nucleated cells/μL with a neutrophil predominance, normal glucose, and elevated total protein levels. The infectious disease service was consulted, and the patient was started on vancomycin and ceftriaxone for presumed bacterial meningitis. She improved clinically during her hospitalization and quickly defervesce. Her CSF cultures returned sterile. However, with lingering suspicion for a bacterial infection, she was discharged with plans for 3 weeks of intravenous antibiotics, followed by an additional week of oral antibiotics.

After 18 days of her original transsphenoidal surgery, the patient returned with right facial paresis, right-sided weakness, and headache. CSF analysis again showed mild leukocytosis at 55 cells/μL, normal glucose, and elevated total protein. A repeat MRI demonstrated regrowth of the supracellar cyst, as well as multiple foci suspicious for acute/subacute infarction in the left anteromedial temporal lobe, putamen, corona radiata, and cerebral peduncle. The magnetic resonance angiography demonstrated multifocal stenosis in the proximal branches of the left anterior communicating artery and the left middle cerebral artery concerning for emboli ([Fig. 2](#FI160003-2){ref-type="fig"}). In addition, the patient had a rim-enhancing lesion in the left temporal lobe initially concerning for an abscess for which she was taken to the operating room for a left craniotomy and washout. Intraoperatively, a yellow sludge-like material with the consistency of thick glue was found in the cisterns, suspected to be fluid from a cystic craniopharyngioma. CSF fluid and surgical cultures taken from near the left temporal tip returned sterile, although infectious diseases consultants recommended that she initiate a 4-week course of meropenem and vancomycin. On follow-up MRIs, the left temporal lesion became confirmed as an area of subacute infarction rather than an abscess consistent with the intraoperative findings.

![MRA of the head on postoperative day 19 showing multifocal stenosis in the proximal A1 segment of the left anterior cerebral artery, distal M1/proximal M2 segments of the left middle cerebral artery, concerning for cerebral vasospasm versus septic emboli. MRA, magnetic resonance angiography.](10-1055-s-0036-1593470-i160003-2){#FI160003-2}

Several weeks after discharge, the patient developed worsening of her vision once again. Another MRI demonstrated reaccumulation of the cystic component in addition to the known residual solid component of her craniopharyngioma with compression on the optic chiasm ([Fig. 3](#FI160003-3){ref-type="fig"}). She underwent a right pterional craniotomy for decompression and subtotal resection of the mass. The craniopharyngioma subsequently regrew over the next month and she was again taken to the operating room for a right frontotemporal orbitozygomatic craniotomy for resection. She recovered and went to a rehabilitation facility in good condition after both the operations.

![Postoperative T1-weighted sagittal MRI. In the suprasellar cistern just superior to the dorsum sella, there is enhancing nodular tissue consistent with known residual solid mass, along with a new peripherally enhancing cystic mass measuring 2.5 cm AP × 2.2 cm TV × 1.7 cm SI with increased mass effect on the optic chiasm.](10-1055-s-0036-1593470-i160003-3){#FI160003-3}

Days after discharge from her last craniotomy, the patient returned to the emergency department febrile to 103°F, hypotensive, and with altered mental status. A repeat MRI did not find evidence of an intracranial abscess. A lumbar puncture again demonstrated mild leukocytosis with left shift, elevated glucose, and elevated total protein. She was started on linezolid, meropenem, and micafungin. Cultures again returned sterile. At this time, she was diagnosed with recurrent episodes of severe aseptic meningitis. Antibiotics were discontinued at the recommendation of the infectious disease service. The patient improved clinically without negative sequelae after discontinuation of antibiotics. She eventually underwent radiation treatment for her recurrent craniopharyngioma. Her vision improved with only a residual right upper quadrantanopsia, and a follow-up MRI at 2 years found no new regrowth of her craniopharyngioma.

Discussion
==========

Although Cushing and Bailey first described postoperative aseptic meningitis in 1929, it remains a rare and enigmatic clinical entity.[@JR160003-3] This case report highlights the difficulties in the diagnosis and treatment of patients with aseptic meningitis after surgical resection of craniopharyngiomas. The precise incidence of aseptic meningitis after craniopharyngioma removal remains undetermined in the literature. A retrospective review of 64 patients who had undergone endoscopic endonasal surgery for craniopharyngioma found that 7.8% were diagnosed with postoperative meningitis, but this study did not delineate between infectious and noninfectious etiologies.[@JR160003-7] In a large series of 1,146 patients followed after removal of tumors at the cerebellopontine angle, the overall rate of meningitis was 4.54%, and the rate of aseptic meningitis was 2.61%, suggesting that aseptic meningitis represents a substantive portion of all postoperative cases.[@JR160003-1]

Aseptic meningitis is caused by various irritants that can trigger inflammatory responses at the meninges. Possible mechanisms include the direct intraoperative manipulation of vessels, the inflammatory effects of red blood cells, and the release of cystic fluids from intracranial masses.[@JR160003-8] Craniopharyngiomas have specifically been implicated in several case reports to cause aseptic meningitis through spontaneous cyst rupture and release of cholesterol-filled contents.[@JR160003-6] [@JR160003-9] [@JR160003-10] This resulting aseptic inflammation has also been linked to further complications, including thromboembolic events, cerebrovascular vasospasm, and even death.[@JR160003-10] [@JR160003-11] [@JR160003-12]

In this present report, the patient first suffered symptoms of cerebral vasospasm 18 days after her original transsphenoidal surgery. A small number of cases in the literature describe vasospasm as a complication of skull base tumor surgery.[@JR160003-10] [@JR160003-13] [@JR160003-14] Various conditions can trigger vasospasm: direct mechanical damage to arterial walls, chemical substances released during tumor resection, surgical manipulation of the hypothalamus, and/or inflammation surrounding the breakdown of blood in the basal cisterns.[@JR160003-13] Craniopharyngioma fluid has also been shown to directly cause arterial spasm in animal experiments.[@JR160003-15] Thus, the same chemical environment that can trigger aseptic meningitis may also lead to serious cerebrovascular complications, as experienced by the patient in this report. Consequently, aseptic meningitis and the development of associated complications should remain high on the differential in patients presenting with fever or meningismus after craniopharyngioma resection.

When clinically suspected, both the diagnosis and treatment of aseptic meningitis remains challenging. Diagnostically, there are few clear clinical findings that distinguish aseptic from bacterial meningitis as both can present with symptoms of headache, altered mental status, photophobia, and nuchal rigidity. Smaller studies have hypothesized that fevers over 102°F, fevers lasting longer than 7 days, or a reported period of unconsciousness are more suggestive of bacterial meningitis.[@JR160003-16] However, the largest study in the literature that followed 1,146 patients postoperatively was unable to find a statistically significant difference in fever on presentation.[@JR160003-1] As aseptic meningitis remains largely a case reportable phenomenon and may be underreported given diagnostic challenges, the sample size available in the literature may remain insufficient to garner meaningful conclusions.

The laboratory workup of meningitis includes lumbar puncture with CSF analysis and culture, along with serum white blood cell count and brain MRI to rule out abscess in the postoperative setting. CSF culture growth of an infectious agent clearly differentiates an infectious etiology from aseptic meningitis. However, infectious meningitis may yield sterile cultures, particularly when empiric antibiotics are initiated before obtaining culture samples.[@JR160003-17] Gram stain sensitivities for bacterial meningitis have been reported at 56 to 86%.[@JR160003-18] Thus, our patient\'s first episode of meningitis was difficult to definitively diagnose as an aseptic phenomenon and so she was started on a long course of antibiotics. During each of her admissions, lumbar punctures showed only mild leukocytosis of less than 2,000 cells/μL, while studies suggest that patients with greater than 6,000 cells/μL in the CSF are more likely to have bacterial meningitis.[@JR160003-1] Additional studies have shown that CSF glucose is significantly lower in patients with bacterial meningitis, while CSF and serum white blood cells are significantly higher.[@JR160003-1] In the literature, CSF lactate is a promising new biomarker in the early distinction of bacterial and aseptic meningitis, with one meta-analysis reporting a sensitivity and specificity of 93 and 96%, respectively, for the diagnosis of bacterial meningitis.[@JR160003-19] A clinical value of 35 mg/dL was the recommended CSF lactate level cutoff. Taken together, patients with low-grade fevers, normal CSF glucose, low CSF lactate, and only mild CSF, and/or serum leukocytosis are likely to have aseptic meningitis. Clinical and laboratory characteristics associated with bacterial and aseptic meningitis are described in [Table 1](#TB160003-1){ref-type="table"}. Collaboration with infectious disease specialists may be required to make the diagnosis of postoperative aseptic meningitis.

###### Clinical and laboratory findings associated with infectious versus aseptic meningitis[@JR160003-1] [@JR160003-19]

                                                     Bacterial meningitis                                                        Aseptic meningitis
  -------------------------------------------------- --------------------------------------------------------------------------- ---------------------------------------------------------------------------
  Symptoms                                           Meningismus: nuchal rigidity, photophobia, headache, mental status change   Meningismus: nuchal rigidity, photophobia, headache, mental status change
  Fever                                              \> 102°F                                                                    \< 102°F
  CSF rhinorrhea                                     Potentially present                                                         Absent
  CSF culture/gram stain                             Positive                                                                    Negative
  CSF lactate                                        \> 35 mg/dL (sensitivity 0.93, specificity 0.99)                            \< 35 mg/dL
  CSF WBC                                            \> 6,000 cells/μL                                                           \< 2,000 cells/μL
  CSF glucose[a](#FN160003-2){ref-type="table-fn"}   \< 20 mg/dL                                                                 Normal
  CSF protein                                        Not statistically different                                                 Not statistically different

Abbreviations: CSF, cerebrospinal fluid; WBC, white blood cells.

In nondiabetic patients.

A high clinical suspicion for aseptic meningitis after craniopharyngioma resection is necessary to determine the optimal course of treatment. Patients with a high likelihood of aseptic meningitis may benefit from conservative management with steroids rather than prolonged courses of antibiotics or further surgical exploration.[@JR160003-20] As the initial presentation may be difficult to distinguish from that of bacterial meningitis, the British Society of Antimicrobial Chemotherapy and various study authors have proposed treatment with empiric antibiotics for all patients presenting with meningitis after skull base surgery, but treatment should be discontinued when cultures return sterile in 48 or 72 hours.[@JR160003-16] [@JR160003-21] A cohort study of 75 patients with postoperative meningitis found that stopping antibiotics after 3 days was effective and safe for patients with negative CSF cultures.[@JR160003-2] At this time, regional preferences dictate the course and choice in antibiotics and close consultation with infectious disease specialists remains critical to providing optimal care.[@JR160003-1] [@JR160003-2] For each case it is prudent to balance the dangers of potential bacterial meningitis against the potential harms of long-term antibiotics and surgical re-exploration.

Conclusion
==========

Aseptic meningitis must be considered in the febrile or meningitic patient after craniopharyngioma resection. Workup for an infectious etiology, including MRI and lumbar puncture, is imperative. CSF lactate may be useful in distinguishing between aseptic and bacterial meningitis, particularly in presentations of recurrent postoperative meningitis when cultures are sterile. Initial management with empiric, broad-spectrum antibiotics is prudent given the potentially devastating sequelae of infectious meningitis. However, in patients recovering from endoscopic resection of a craniopharyngioma without active rhinorrhea and supporting evidence for aseptic meningitis, a more conservative treatment course should be considered.
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